S
kin consists of both epidermal and dermal components. The epidermis is a stratified squamous epithelium that rests on top of a basement membrane, which separates it and its appendages from the underlying mesenchymally derived dermis. Epidermal stem cells give rise to the epidermis and its appendages in the skin. 1 Skin appendages include hair follicles, sebaceous glands, and eccrine and apocrine sweat glands. Skin appendage tumours are a large and diverse group that are classified according to their level of appendageal differentiation as follicular, sebaceous, eccrine, or apocrine.
Skin appendage neoplasms present as papules (''bumps'') on the skin that are difficult to distinguish clinically from one another. They can be solitary or multiple. They are typically multiple when they are associated with an inherited syndrome. The most common presentation is facial papules. Although these papules can cover the entire face, they cluster on the central facial areas of the nose, nasolabial folds, upper lip, and forehead. The gold standard in diagnosis is histopathological examination of a skin biopsy. Even then some cases may still be difficult to classify.
In this review we focus on neoplasms of the skin appendages associated with inherited syndromes, most of which are family cancer syndromes (table 1) . In all of these genodermatoses, the cutaneous tumours represent the pathognomonic finding of the disease. Thus the recognition of these disorders early, through careful skin examination, may lead to life saving cancer screening in these patients and their family members.
COWDEN SYNDROME
Cowden syndrome (OMIM 158350) is an autosomal dominantly inherited disease, first described in 1962, characterised by mucocutaneous lesions and benign and malignant tumours in various organ systems such as the breast, thyroid, and endometrium. 2 
Clinical features of Cowden syndrome
The cutaneous findings of Cowden syndrome include trichilemmomas, oral papillomas, and acral and palmoplantar keratoses. The cutaneous hallmark of the disease is multiple trichilemmomas which present clinically as rough hyperkeratotic papules typically localised on the face (nasolabial folds, nose, upper lip, forehead, ears 3 ( fig 1A, 1C, 1D ). Trichilemmomas are benign skin appendage tumours or hamartomas that show differentiation towards the hair follicles (specifically for the infundibulum of the hair follicle). 4 Oral papillomas clinically give the lips, gingiva, and tongue a ''cobblestone'' appearance and histopathologically show features of fibroma. 3 The mucocutaneous manifestations of Cowden syndrome usually present in the second decade and are seen in 99% of affected individuals. 5 The International Cowden Consortium established criteria for the diagnosis of Cowden syndrome. 5 Cowden syndrome patients are predisposed to benign and malignant tumours of various organs. In 1978, Brownstein et al first noted the association of Cowden syndrome with breast carcinoma. 6 The lifetime risk for breast cancer in Cowden syndrome is estimated to be 25-50%. 3 6 As in the general population, ductal carcinomas are the most commonly observed malignant lesion in Cowden syndrome. Benign breast disease-in the form of fibroadenomas, apocrine metaplasia, microcysts, adenosis, and mammary hamartoma-like lesions-is usually bilateral and extensive at an early age in Cowden syndrome. 7 The risk for thyroid cancer (typically follicular) is approximately 10%, while the risk for endometrial cancer is estimated to be 5-10%. 5 Lhermitte-Duclos disease, or dysplastic gangliocytoma of the cerebellum, is a hamartomatous growth and has been shown to be a component of Cowden syndrome. 8 9 Clinically, it manifests with increased intracranial pressure, ataxia, and seizures. Although familial cases are well characterised, it is typically sporadic.
Genetics of Cowden syndrome
The susceptibility gene for Cowden syndrome was mapped to 10q22-23. 10 Subsequently, germline mutations in a candidate tumour suppressor gene within this region, PTEN/MMAC1/ TEP1, was identified in families with Cowden syndrome. [11] [12] [13] The PTEN gene consists of nine exons and encodes a 403 amino acid protein. PTEN is a tumour suppressor in vitro and in vivo. It is a dual specificity phosphatase that dephosphorylates both protein and lipid substrates. PTEN is a negative regulator of the PI3K/AKT signalling pathway that is required for cell survival and proliferation. PTEN expression leads to downregulation of AKT activation and increased apoptosis.
14 In addition, PTEN regulates and inhibits the mitogen activated kinase pathway. Studies also suggest a role for PTEN in insulin signalling by inhibiting the insulin stimulation of the mitogen activated kinase pathway. 14 Using the International Cowden Consortium operational criteria for the diagnosis of Cowden syndrome, germline PTEN mutations are identified in Cowden syndrome families with a frequency of 81%. 15 Exon 5 of PTEN, which encodes the core motif, is a hotspot for mutations and accounts for 40% of all Cowden syndrome germline mutations. 15 Studies evaluating genotype-phenotype correlation show that germline PTEN mutations are associated with malignant breast disease. Mutations within the core motif in exon 5 appear to be associated with involvement of five or more organs, a surrogate phenotype for severity for disease. 15 Interestingly, mutations of PTEN have been documented in other disorders. Bannayan-Riley-Ruvalcaba syndrome (BRRS) (OMIM 153480) is an autosomal dominantly inherited disorder characterised by macrocephaly, developmental delay, lipomatosis, vascular malformations, and pigmented macules of the glans penis, and has a PTEN mutation frequency of 50-60%. 16 Although, Cowden syndrome and BRRS are phenotypically distinct, there are Cowden syndrome/BRRS overlap families where some members present with Cowden syndrome and others with BRRS; these are associated with a single germline PTEN mutation, suggesting that they are allelic. 17 Although patients with BRRS were not originally considered to have increased risk for cancer, the identification of germline PTEN mutations in over 50% of these patients suggests a risk for cancers related to Cowden syndrome. 5 Similarly, germline PTEN mutations have also been observed in proteus syndrome (OMIM 176920) and proteus-like syndrome. 18 Proteus syndrome is characterised by the presence of partial gigantism of the hands or feet or both, pigmented nevi, hemihypertrophy, macrocephaly, and subcutaneous hamartomatous tumours. 18 Germline PTEN mutations have been found in approximately 20% of patients with the classic proteus syndrome, and a mutation frequency of 60% was observed in individuals with proteus-like features. 18 Therefore, a subgroup of cases of proteus syndrome appears to be allelic with Cowden syndrome and BRRS. As a result, it has been proposed that these syndromes that are defined by germline PTEN mutations should collectively be termed PTEN hamartoma tumour syndrome. 5 In addition, PTEN mutations have been found in several patients with macrocephaly and autistic features. 5 A child with VATER association (vertebral and anal malformations, tracheooesophageal atresia, and radial and renal malformations) and macrocephaly with a germline PTEN mutation has been reported. 5 The association of PTEN and these disorders has yet to be determined.
BIRT-HOGG-DUBE SYNDROME
Birt-Hogg-Dube syndrome (BHDS) (OMIM 135150) is an autosomal dominantly inherited disorder first described in 1977, characterised by follicular hamartomas (fibrofolliculoma and trichodiscoma) and a predisposition to renal tumours and pulmonary disease. 19 Clinical features of BHDS Clinically, fibrofolliculomas and trichodiscomas are 2 to 4 mm, smooth, dome shaped yellow-white papules often seen on the face (nasolabial folds, nose, upper lip, forehead, ear) and upper trunk ( fig 2C, 2D ). It is difficult to distinguish these lesions clinically and histopathologically. Fibrofolliculomas and trichodiscomas are benign skin appendage tumours/hamartomas that show differentiation toward hair follicles (specifically, fibrofolliculomas towards the mantle of the hair follicle, and trichodiscomas towards the mesodermal components of the hair discs). [19] [20] [21] There have been no reports of malignant transformation of either lesion. Acrochordons (skin tags), originally described as a part of the syndrome, is a non-specific cutaneous finding observed in BHDS. 22 Cutaneous lesions in BHDS usually appear in the third or fourth decades of life.
Roth et al described the first case of renal cell carcinoma associated with BHDS 23 and subsequent studies have shown a histopathological spectrum of tumours including oncocytoma and chromophobe, papillary, and clear cell renal carcinomas that segregate together with BHDS in an autosomal dominant fashion. 24 Similarly, spontaneous pneumothoraces, pulmonary cysts, and bullous emphysema have consistently been observed in BHDS patients. 24 Less frequently associated lesions include medullary carcinoma of the thyroid, 19 multiple lipomas and angiolipomas, 25 parotid oncocytoma, 26 and neural tissue tumours. 27 The association of colorectal neoplasms and BHDS remains controversial. A recent clinical study showed the absence of colorectal neoplasia in 152 patients from 49 families. 28 Another study failed to show an increased risk for colon polyps and colon cancer in BHDS families. 24 By contrast, evaluation of some BHDS families suggested a predisposition for colon cancers. 29 Although, an association between BHDS and colorectal cancer is controversial, recent studies suggest a role for the BHDS gene in sporadic colorectal cancers with or without microsatellite instability. 30 31 Genetics of BHDS Two independent groups mapped the susceptibility gene to 17p11.2 32 and to 17p12-q11.2, 33 respectively, by using genome-wide linkage analysis. Subsequently, a novel gene named folliculin was identified and germline mutations were found in families with BHDS. 34 The gene has 14 coding exons and encodes a protein of 579 amino acids. 34 Based on the detection of loss of heterozygosity (LOH) in BHDS related tumours, folliculin is considered to be a putative tumour suppressor. Interestingly, some studies of sporadic and familial BHDS cases suggested somatic mutation instead of loss of heterozygosity as the second hit in Knudson's two hit theory in BHDS tumours. 29 To date, the function of folliculin remains unknown. The majority of mutations (,40-50%) in BHDS involve a poly (C) 8 NAEVOID BASAL CELL CARCINOMA SYNDROME Naevoid basal cell carcinoma syndrome (NBCCS) (OMIM 109400), also referred to as Gorlin syndrome or Gorlin-Goltz syndrome, is an autosomal dominantly inherited disorder first described in 1960, characterised by developmental anomalies and early onset neoplasms. 35 Basal cell carcinoma (BCC) of the skin is the most common neoplasm in this disorder.
Clinical features of NBCCS
The characteristic cutaneous marker of NBCCS is BCCs numbering from a few to several thousand, primarily localised on the face, neck, and upper trunk (fig 2A) . 36 BCC is the most common cancer in humans. Although most cases occur sporadically, 0.5% of BCC cases are attributable to NBCCS. 37 The BCCs in NBCCS-unlike sporadic BCCs that occur outside the syndrome-appear much earlier in life, usually arising between puberty and age 35. 36 In prepubescent patients, BCCs are innocuous in appearance even when numbering in the thousands. Aggressive behaviour and local invasion are observed only after adolescence. 36 In rare instances, local invasion of the bone and brain resulting in death can occur. 38 Metastases to the lungs and other internal organs are also rare. 39 40 Other cutaneous findings in NBCCS include the presence of small asymmetrical palmar or plantar pits, or both, which become readily visible after soaking the hands or feet in water for a few minutes ( fig 2B) . There have been reports describing BCCs arising in the base of these pits. 41 Odontogenic keratocysts of the jaw represent a classic finding of this syndrome. 35 Unlike the more commonly observed isolated cases, odontogenic keratocysts associated with NBCCS arise a decade earlier, appearing around the age of seven and peaking during the second or third decades. These cysts occur more often in the mandible than the maxilla and present as large, asymmetrical, loculated bilateral lesions which typically recur after removal. Rarely they give rise to squamous cell carcinoma, resulting in pathological fracture or limited expansion of the jaws. 42 There are several abnormalities of the skeletal system associated with NBCCS. 35 Approximately 60% of patients have hypoplastic, fused, anteriorly splayed, or bifid ribs. 35 Cervical ribs and spina bifida occulta of the cervical and thoracic vertebrae are also common. Lamellar calcification of the falx cerebri is a classical finding which appears early in life in approximately 85% of patients. 35 Other areas of calcification include the tentorium cerebelli, meninges, choroid plexus, and diaphragma sellae. Calcification of the diaphragma sellae results in bridging of the sella turcica and is a common finding in NBCCS. 35 Many patients have characteristic coarse facial features with frontal bossing, macrocephaly, mild mandibular prognathism, and ocular hypertelorism.
Patients with NBCCS are predisposed to tumours of the central nervous, cardiovascular, and genitourinary systems. 35 Early onset medulloblastoma (average age two years), well documented within this syndrome, 43 is the most common malignant brain tumour in childhood. Approximately 5% of patients with NBCCS develop this tumour early in life. Medulloblastomas as a part of NBCCS have better outcomes than sporadic cases. 43 Other CNS tumours associated with NBCCS include meningiomas and craniopharyngiomas. 35 Cardiac fibromas, which constitute 5% of primary cardiac neoplasms, are also associated with NBCCS. These rare benign tumours appear in some NBCCS patients, usually in the first decade, and behave similarly to their isolated counterparts. 35 Common genitourinary tumours associated with NBCCS include bilateral calcified ovarian fibromas. 35 
Genetics of NBCCS
The susceptibility gene was mapped to 9q22.3-q31 by linkage analysis. 44 Subsequently, the candidate gene was identified as the human homolog of the Drosophila patched gene and germline mutations were found in patients with NBCCS. 45 46 Patched consists of 23 exons and encodes a 1500 amino acid transmembrane protein. Genetic studies in Drosophila show that patched is part of the hedgehog signalling pathway, important in determining embryonic patterning and cell fate in multiple structures of the developing embryo. 37 While in Drosophila there is a single hedgehog molecule, in vertebrates three homologues known as Sonic, Desert, and Indian hedgehog, with Sonic hedgehog being the most widely expressed. The hedgehog signal is received and transduced at the membrane via a receptor complex consisting of patched and smoothened. In the absence of hedgehog binding, patched is thought to hold smoothened in an inactive state and thus inhibit signalling downstream genes. With the binding of hedgehog, patched inhibition of smoothened is released and the signal is transduced. 47 Patched is a tumour suppressor gene mutated in hereditary BCCs (NBCCS). Screening of the patched coding region reveals a wide spectrum of germline mutations in NBCCS patients, with the majority predicted to result in premature protein truncations (,86%). Mutations are spread out the entire gene with no apparent clustering and a genotype-phenotype correlation does not appear to be present. 48 Key components of the hedgehog pathway are implicated in tumour formation. In addition to BCCs (hereditary and sporadic), patched is mutated in medulloblastoma, meningioma, neuroectodermal tumour, breast carcinoma, oesophageal carcinoma, squamous cell carcinoma, and trichoepithelioma. 47 Additionally, activating mutations in smoothened are identified in sporadic BCCs and medulloblastoma. 47 Thus inactivation of patched or oncogenic activation of smoothened in the majority of BCCs suggests that deregulation of hedgehog signalling is a requirement for BCC formation. Of interest, rare mutations in patched2, which is a close homolog of patched (also referred as patched1), have also been reported in medulloblastoma and sporadic BCCs. 47 
GENERALISED BASALOID FOLLICULAR HAMARTOMA SYNDROME
Generalised basaloid follicular hamartoma syndrome (GBFHS) (OMIM 605827) is an autosomal dominantly inherited disease characterised by the presence of basaloid follicular hamartomas in association with hypotrichosis (sparse hair). 49 Clinical features of GBFHS Basaloid follicular hamartomas are benign skin appendage tumours that show hair follicle differentiation. They are clinically indistinguishable from BCCs seen in NBCCS patients (fig 2A) . The diagnosis of a basaloid follicular hamartoma by histopathological examination may at times be difficult. 50 Thus the diagnosis of GBFHS and exclusion from NBCCS may require multiple biopsies and evaluation of systemic associations. The skin lesions present early in childhood as multiple small skin coloured papules. They are predominantly located on the central face, but may involve the scalp, neck, and trunk. The tumours steadily increase in size and number during childhood and adolescence and eventually become static in adulthood. 50 In many cases, hundreds of lesions exist. GBFHS can be associated with milia, comedones, and acrochordons. Patients with GBFHS, as in NBCCS and Cowden syndrome, may also present with palmar pits. 50 Unlike NBCCS, they lack odontogenic keratocysts, tissue calcification, skeletal abnormalities, and predisposition to internal tumours.
Basaloid follicular hamartomas can be solitary or multiple. Multiple lesions are observed in the inherited form, GBFHS. Multiple basaloid follicular hamartomas have also been observed in association with autoimmune disorders such as alopecia universalis, 49 myasthenia gravis, 49 systemic lupus erythematosus, 51 and antiphospholipid antibody syndrome. 52 Additional reports of GBFHS will help clarify whether the association of autoimmune diseases is coincidental or a part of the syndrome. Malignant transformation of the skin lesions to basal cell carcinomas has been reported. 53 Although systemic malignancy is not an established feature of the syndrome, there is a case of GBFHS described in association with chondrosarcoma. 54 
Genetics of GBFHS
The gene locus of this dominantly inherited syndrome has yet to be determined. Of interest, GBFHS shares overlapping clinical and histopathological features with the autosomal dominantly inherited NBCCS. In NBCCS, constitutive activation of the hedgehog signalling owing to mutations in patched is believed to play a key role in tumorigenesis. To date, there is limited information on the molecular basis of basaloid follicular hamartomas. Recently, deregulation of the hedgehog signalling pathway has been implicated in the pathogenesis of basaloid follicular hamartomas. Transgenic mice expressing the human M2SMO mutant or Gli 2 develop lesions similar to human basaloid follicular hamartomas. 55 
BAZEX SYNDROME
Bazex syndrome (OMIM 301845), also known as BazexDupre-Christol syndrome, was described by Bazex in 1964. 56 It is an X linked dominant disease characterised by early onset basal cell carcinomas associated with congenital hypotrichosis (sparse hair) and follicular atrophoderma (ice pick depressions on the skin). 56 Follicular atrophoderma is most often observed on the dorsa of the hands and feet, on the face, and on the extensor surface of the elbows and knees. Hypotrichosis is a typical feature of the syndrome and is caused by hair shaft abnormalities such as pili torti and trichorrhexis nodosa. Basal cell carcinomas start to develop in the second or third decade. Vabres et al found evidence for X linkage and regional assignment to Xq24-27 57 ; however, the candidate gene remains to be identified. Bazex syndrome should not be confused with a clinically distinct syndrome reported by the same investigator and also known as Bazex syndrome or acrokeratosis paraneoplastica. This particular disease is not inherited and is characterised by psoriasiform skin findings and internal malignancy, most frequently squamous cell carcinoma of the upper aerodigestive tract.
BROOKE-SPIEGLER SYNDROME, FAMILIAL CYLINDROMATOSIS, AND MULTIPLE FAMILIAL TRICHOEPITHELIOMA
Brooke-Spiegler syndrome (BSS) (OMIM 605041), familial cylindromatosis (FC) (OMIM 132700), and multiple familial trichoepithelioma (MFT) (OMIM 601606), originally described as distinct entities, share overlapping clinical findings. Patients with BSS are predisposed to multiple skin appendage tumours such as cylindroma, trichoepithelioma, and spiradenoma. FC, however, is characterised by cylindromas and MFT by trichoepitheliomas as the only tumour type. All three conditions have recently been shown to be allelic.
Clinical features of BSS, FC, and MFT
The inherited occurrence of cylindromas and trichoepitheliomas was recognised in the mid-1800s; the conditions were termed Ancell-Spiegler cylindromas 58 59 and Brooke-Fordyce trichoepitheliomas, 60 61 respectively. Subsequently, the combination of trichoepitheliomas and cylindromas in a series of patients was reported, suggesting the occurrence of these tumours within a single genetic entity. 62 In the 1970s reports of spiradenomas coexisting with trichoepitheliomas and cylindromas began to appear, eventually establishing this triad of skin neoplasms in BSS. 63 In addition to these tumours, BCCs 64 and syringomas 65 have been described in patients with BSS. As BCCs are common skin tumours, it is not clear whether their occurrence is coincidental or whether it is a manifestation of this syndrome.
The cutaneous lesions are primarily localised in the head and neck region. 62 Cylindromas typically occur on the scalp, with less frequent involvement of the face, trunk, and extremities. Trichoepitheliomas show a predilection for the face (the nose, nasolabial folds, and upper lips (fig 1B, 1E) ). These tumours appear early in adulthood and gradually increase in size and number throughout life; they may cause considerable disfigurement and discomfort. In BSS and FC patients, cylindromas can cover the entire scalp resulting in so called ''turban tumours.'' Similarly, multiple trichoepitheliomas can cover the entire face. BSS tumours are clinically indistinguishable, so the gold standard for diagnosis is histopathological examination.
While cylindromas and spiradenomas arise from the sweat glands (apocrine or eccrine), trichoepitheliomas show hair follicle differentiation. These skin tumours can be sporadic or inherited. Solitary tumours typically occur sporadically, whereas multiple tumours are seen in patients with the inherited disorder (BSS, FC, or MFT). Although these are benign neoplasms malignant transformation have been reported. Over 25 cases of solitary and multiple cylindromas with malignant transformation into cylindrocarcinomas have been reported, and are more common in the multiple inherited BSS or FC type. 66 In both solitary and multiple trichoepitheliomas there has been malignant transformation into BCC. 67 BCC typically shows local infiltrative and destructive growth with a very low risk of metastasis. 68 Similarly, over 35 cases of spiradenoma have been reported with carcinomatous or sarcomatous differentiation. 69 However, both cylindrocarcinoma 66 and malignant spiradenoma 69 have been reported to result in local infiltrative growth and distant metastases leading to fatal outcome. In addition to tumours of skin appendages, BSS has also been infrequently associated with adenomas and adenocarcinomas of the salivary and parotid glands. 70 Genetics of BSS, FC, and MFT Linkage analysis in 16 families with multiple cylindromas (FC) mapped the susceptibility gene to a single locus on chromosome 16q12-q13. 71 Subsequently, the CYLD gene was identified by positional cloning and germline mutations were discovered in affected families. 72 Cylindromas showed LOH in 16q near the susceptibility gene, suggesting tumour suppressor function for CYLD. 72 CYLD mutations are identified in patients with phenotypic features of BSS, FC, or MFT. 73 Together with the observations that features of BSS, FC, and MFT can occur in the same patient or in different patients within a single family 74 and that a single CYLD mutation can be associated with both cylindromas and trichoepitheliomas, 75 this suggests that these syndromes not only share a common genetic basis but represent phenotypic variation of the same disease. The CYLD gene consists of 20 exons, of which the first three are untranslated. It encodes a 956 amino acid protein and an alternatively spliced product of 953 amino acids. 72 The majority of reported CYLD mutations (,90%) are predicted to result in premature protein truncations. 72 To date, no mutations in the N-terminal region of CYLD encoding the first two cytoskeletal associated protein glycine conserved motifs have been reported (exons [4] [5] [6] [7] [8] , implicating the importance of these domains for its function. The mutations, however, are scattered throughout the mid-portion and Cterminal region. Although clustering of mutations in the Cterminal region (exons [16] [17] [18] [19] [20] is noted (,60%), this is not limited to one particular domain.
CYLD interacts with several members of the NF-kB signalling pathway, such as TRAF-2 (tumour necrosis factor receptor associated factor-2), 76 TRIP (TRAF interacting protein), 77 and IKKc/NEMO (IkB kinasec), 78 and negatively regulates NF-kB activation. It also has enzymatic activity to deubiquitinate target proteins. 78 The NF-kB/Rel family of inducible transcription factors has key roles in inflammation, immune response, and oncogenesis. NF-kB suppression results in severe defects in the early steps of the development of epidermal appendages, including hair follicles and the sweat glands. 79 NF-kB activation is associated with neoplasms in a variety of tissues. However, the mechanism of aberrant NF-kB signalling and oncogenesis in the skin is not well understood. Various studies suggested a growth promoting role for NF-kB, 80 whereas others showed growth inhibition of NF-kB in epithelial tissues. 81 The mechanisms of CYLD dependent tumorigenesis in the skin remain to be established.
MUIR-TORRE SYNDROME
Muir-Torre syndrome (MTS) (OMIM 158320) is an autosomal dominantly inherited disease described in 1967 and 1968, characterised by the presence of cutaneous sebaceous neoplasms in association with one or more low grade visceral malignancies. 82 83 Colorectal cancer is the most commonly observed visceral malignancy in MTS, followed by genitourinary cancers. 84 Clinical features of MTS MTS specific skin appendage tumours show sebaceous differentiation and include sebaceous adenomas, sebaceous epitheliomas, and sebaceous carcinomas. 85 In general, sebaceous tumours of the skin are rare and can occur sporadically or as a phenotypic expression of MTS. The association of one MTS specific sebaceous tumour with an internal malignancy is adequate to establish a diagnosis for MTS. 85 These tumours present clinically as yellow papules or nodules, typically localised on the head and neck (fig 2E, 2F) . They can be solitary or multiple. The sebaceous tumours in MTS can precede, occur concurrently, or follow the diagnosis of internal malignancy. 85 As a result, incomplete clinical presentations can be seen before a definite diagnosis of MTS is established. The complete clinical presentation can be observed as early as the fourth decade; but most patients are in their sixth decade at the time of diagnosis.
Although sebaceous adenomas are the most distinctive cutaneous marker for MTS, other MTS specific sebaceous neoplasms such as sebaceous epithelioma and carcinoma are nearly as specific. 85 Sebaceous carcinoma, however, can also be seen in association with immunosuppression after organ transplantation 86 87 or with AIDS. 85 It is unclear whether immunosuppression unmasks the expression of a latent MTS phenotype or selects the emergence of a mutator phenotype (accumulation of replication errors leading to genetically instability) and thus predispose individuals to the development of sebaceous carcinomas. 86 There are sebaceous tumours of the skin that are not specific to MTS such as sebaceous hyperplasia and nevus sebaceous of Jadassohn. 85 Another type of skin tumour that is not specific to MTS but can be often seen in this syndrome is keratoacanthoma, which can be solitary or multiple. 85 This tumour arises from the epidermal keratinocytes and may occasionally show sebaceous differentiation.
Patients with MTS are predisposed to developing internal malignancies. The majority consist of colorectal carcinoma (,50%) followed by genitourinary cancers (,25%). 85 In contrast to its presentation in the general population, colorectal cancer in MTS occurs predominantly proximal to the splenic flexure and is usually detected a decade earlier. Interestingly, despite predisposing affected patients to multiple visceral malignancies, the sebaceous and visceral cancers of MTS are less aggressive than their non-MTS counterparts. 85 As a result, MTS responds well to aggressive surgical management, affording a relatively favourable prognosis with prolonged survival even in the presence of metastases.
Genetics of MTS
There are two well studied familial colorectal carcinoma syndromes, hereditary non-polyposis colorectal cancer syndrome (HNPCC, also known as Lynch syndrome) (OMIM 114400) and familial adenomatous polyposis (OMIM 175100). Together these account for approximately 5% of colorectal carcinomas. The spectrum of internal cancers in MTS is identical to that of the HNPCC. 88 It is caused by germline mutations in DNA mismatch repair genes. [89] [90] [91] The DNA mismatch repair system is critical for the maintenance of genomic stability. It increases the fidelity of single base mismatches and insertion-deletion loops that may arise during DNA replication. Thus this system serves a DNA damage surveillance function by preventing incorrect base pairing or avoiding insertion-deletion loops by slippage of DNA polymerase. 92 Consequently, mismatch repair deficiency results in accumulating mutations of these microsatellites, which is termed microsatellite instability. 93 Mismatch repair genes behave like tumour suppressors, in that cancer arises in individuals who are heterozygous for mutations when the wild type allele is knocked out somatically in a target cell, such as in the colonic epithelium. The second hit can occur by deletion, mutation, or methylation of CpG islands in the promoter.
Various DNA mismatch repair genes (MLH1, MSH2, PMS1, PMS2, MSH3, and MSH6) have been associated with HNPCC. 93 However, two of these genes (MLH1 and MSH2) are responsible for the majority of mutation positive HNPCC cases. Genetic evidence that MTS could represent a phenotypic variant of HNPCC was discovered in 1994. Subsequently, germline mutations in MSH2 and later in MLH1 were identified in families with MTS, further indicating that MTS is an expression variant of HNPCC. 93 Moreover, MSH22/2 and MLH2/2 knockout mice also develop sebaceous skin tumours in addition to internal malignancies. 94 Mutations in MSH2 are more often observed than MLH1 in patients with MTS. The vast majority of these mutations are truncating mutations that lead to a dysfunctional mismatch repair protein and are distributed over the entire gene with no evidence of a mutational hotspot. 95 Besides the strong genoype-phenotype correlation between MSH2 and MTS, there is little evidence indicating other genotype-phenotype correlations in hereditary mismatch repair defects.
CONCLUSIONS
Over the past decade significant progress in understanding the molecular basis of skin appendage tumours has been made. It is crucial to emphasise that the skin neoplasms are pathognomonic findings for the genodermatoses described in this review. As every clinical sign enabling the detection of a hereditary predisposition to visceral cancer will be of great value for general cancer prevention, knowledge of these recent molecular advances in inherited skin appendage tumour syndromes is essential. By careful skin examination, a significant proportion of patients with hereditary cancer predisposition can be identified. In principle, these patients should be offered molecular genetic diagnosis, and if necessary, a strict regular cancer surveillance programme. bmjupdates+ bmjupdates+ is a unique and free alerting service, designed to keep you up to date with the medical literature that is truly important to your practice. bmjupdates+ will alert you to important new research and will provide you with the best new evidence concerning important advances in health care, tailored to your medical interests and time demands.
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